Money and the natural rate of interest : structural estimates for the United States and the Euro Area by Andrés Domingo, Javier Angel et al.
Javier Andrés, J. David López-Salido
and Edward Nelson
MONEY AND THE NATURAL RATE 
OF INTEREST: STRUCTURAL 
ESTIMATES FOR THE UNITED 
STATES AND THE EURO AREA
2008
Documentos de Trabajo 
N.º 0805
MONEY AND THE NATURAL RATE OF INTEREST: STRUCTURAL ESTIMATES 
FOR THE UNITED STATES AND THE EURO AREA 
 MONEY AND THE NATURAL RATE OF INTEREST: STRUCTURAL 
ESTIMATES FOR THE UNITED STATES AND THE EURO AREA (*) 
Javier Andrés 
UNIVERSIDAD DE VALENCIA AND BANCO DE ESPAÑA 
J. David López-Salido 
FEDERAL RESERVE BOARD AND CEPR 
Edward Nelson 
FEDERAL RESERVE BANK OF ST. LOUIS 
(*)  Authors’ details: Universidad de Valencia (javier.andres@uv.es), Federal Reserve Board and CEPR (david.j.lopez-
salido@frb.gov), and Federal Reserve Bank of St. Louis (edward.nelson@stls.frb.org). We thank Peter Ireland and an 
anonymous referee for comments leading to this version of the paper. For feedback on prior drafts we thank Andrew
Blake, Ali Dib, Riccardo DiCecio, Chris Erceg, Luca Guerreri, Andy Levin, Giovanni Lombardo, Athanasios Orphanides, 
Samuel Reynard, Andreas Schabert, Henning Weber, and attendees of presentations at the 2007 AEA meetings, the
Bank of Canada, Bank of Spain, the Federal Reserve Board, CEMFI, the 2004 EEA-ESEM, the SNB, and the
Bundesbank. Thomas Westermann provided euro area data. Jason Buol, Justin Hauke, and Faith Weller provided
research assistance. Views expressed are the authors’ and should not be interpreted as those of the Federal Reserve 
























































The Working Paper Series seeks to disseminate original research in economics and finance. All papers 
have been anonymously refereed. By publishing these papers, the Banco de España aims to contribute 
to economic analysis and, in particular, to knowledge of the Spanish economy and its international 
environment. 
 
The opinions and analyses in the Working Paper Series are the responsibility of the authors and, 
therefore, do not necessarily coincide with those of the Banco de España or the Eurosystem. 
 
 
The Banco de España disseminates its main reports and most of its publications via the INTERNET at the 




Reproduction for educational and non-commercial purposes is permitted provided that the source is 
acknowledged. 
 
© BANCO DE ESPAÑA, Madrid, 2008 
 
ISSN: 0213-2710 (print) 
ISSN: 1579-8666 (on line) 
Depósito legal: M. 14482-2008     
Unidad de Publicaciones, Banco de España
 Abstract 
We examine the role of money in three environments: the New Keynesian model with 
separable utility and static money demand; a nonseparable utility variant with habit 
formation; and a version with adjustment costs for holding real balances. The last two 
variants imply forward-looking behavior of real money balances, with forecasts of future 
interest rates entering current portfolio decisions. We conduct a structural econometric 
analysis of the U.S. and euro area economies. FIML estimates confirm the forward-looking 
character of money demand. A consequence is that real money balances are valuable in 
anticipating future variations in the natural interest rate. 
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Table 1. Money’s role in the transmission mechanism
(a)
      New Keynesian model 
     Baseline    Nonseparable    Forward-looking 
    utility            money demand 
Is the money demand equation 
needed to obtain inflation and     NO               YES                       NO 
output paths? 
Do output and inflation have 
non-zero impulse responses        NO                NO                       NO 
to money demand shocks? 
Does money contain information 
about real shocks not present                  NO             NO                       YES 
in scale variable? 
 (a) In all cases, interest-rate rule assumed to have no response to money. 
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Table 2. Maximum likelihood estimates, Euro area, M1 
Estimated Parameters  Unrestricted Estimates Unit Elasticity
(1) (2)
?                                         0.9902            0.9902 
               (0.0027)                           (0.0026) 
?1             0.9073                                    0.8992 
                  (0.0474)                                           (0.0504) 
?2     0.0000                                    0.0047 
     (0.0202)                                           (0.0201)     
h     0.8907                                    0.9064 
                     (0.0277)                                           (0.0272) 
?0     3.2920                                    2.9558 
            (0.5775)                                           (0.2625) 
?1     0.0527                                    1.0000 
                 (0.0226)                                             ?????
?2      2.5323                                    3.1893  
                  (0.7861)                                           (0.8247) 
?              0.0000                                    0.0000 
(0.0007)              (0.1125) 
?     0.4677                                    0.7448 
     (0.4040)                                           (0.4784) 
?     0.6148                                    0.3892 
                  (0.5297)                                           (0.0951) 
?r     0.7185                                    0.7451 
                 (0.0731)                                           (0.0389) 
?y      0.1818                                    0.1951 
     (0.0448)                                           (0.0396) 
??      1.8653                                    1.8550 
     (0.1273)                                           (0.1383) 
??      0.1537                                    0.1653  
     (0.0635)                                           (0.0676) 
?a      0.9859                                    0.9839 
     (0.0168)                                           (0.0187) 
?e      0.9842                                    0.9852 
(0.0176)                                           (0.0162)
?z      0.9796                                    0.9781 
     (0.0163)                                           (0.0176) 
?a     0.0772                                    0.0715 
?e               0.0210                                    0.0202 
?z                  0.0041                                    0.0041 
?r      0.0016                                    0.0015 
Log-Likelihood     1704.19                                  1704.36 
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Table 3. Maximum likelihood estimates, U.S., M0 
Estimated Parameters  Unrestricted Estimates Unit Elasticity
(2) (2)
?                                          0.99             0.99 
                               (???)                            (???)
?1             0.7252                                    0.5152 
                   (0.075)                                             (0.229) 
?2     0.0000                                    0.0000 
      (0.019)                                             (0.060)     
h     0.9500                                    0.9500 
                         (???)                                              (???)
?0     8.3406                                    4.4229 
              (2.090)                                            (0.418) 
?1     0.0486                                    1.0000 
                  (0.010)                                              (???)
?2      2.0000                                     2.0000  
                     (???)                                               (???)
?              0.0000                                     0.0000 
  (???)                 (???)
?     1.0228                                     1.3082 
      (0.360)                                              (0.800) 
?     0.0926                                     0.0255 
                   (0.087)                                              (0.030) 
?r     0.7262                                     0.7874 
                  (0.074)                                              (0.053) 
?y      0.1435                                     0.1890 
      (0.069)                                              (0.070) 
??      1.8966                                     1.7664 
      (0.251)                                              (0.266) 
??      0.1603                                     0.2209  
     (0.116)                                               (0.148) 
?a      0.8350                                     0.7003 
     (0.103)                                               (0.169) 
?e      0.8940                                     0.9419 
(0.056)                                               (0.043)
?z      0.9489                                     0.9283 
     (0.031)                                               (0.039) 
?a     0.0132                                     0.0147 
?e      0.0410                                     0.0277 
?z             0.0079    0.0100 
?r 0.0027  0.0026 
Log-Likelihood    1561.83                                   1562.91 
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Table 4. Partial correlations of real money stock and natural rate, estimated models 
               Holding current output and nominal interest rate constant 
Euro area ?0.144
U.S. ?0.176
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Table 5. Additional results for the United States 
 Estimated Parameters U.S., M0, using detrended U.S., using M2 
  inflation and interest-rate data: money definition
?1 unrestricted ?1 = 1 
? 0.985 0.985 0.990 
   (—) (—) (—)
?1 0.808 0.594 0.831 
(0.003) (0.181) (0.070)
?2 0.000 0.000 0.000 
(0.024) (0.044) (0.086)
h 0.950 0.950 0.950
(—) (—) (—)
?0 10.229 4.929 5.909 
(1.145) (1.669) (1.603) 
?1 0.1029 1.0 0.023 
(0.039) (—) (0.012) 
?2 2.0 2.0 1.080 
(—) (—) (0.560) 
? 0.0 0.0 0.0 
(—) (—) (—)
? 0.9057 0.970 0.811 
(0.572) (0.871) (0.329) 
? 0.0607 0.049 0.166 
(0.070) (0.041) (0.081) 
?r 0.7777 0.7823 0.634
(0.066) (0.072) (0.060) 
?y 0.1257 0.1313 0.089 
(0.074) (0.087) (0.042) 
?? 2.2397 2.1730 1.378 
(0.7074) (1.146) (0.212) 
?? 0.2059 0.2297 0.530
(0.172) (0.264) (0.191) 
?a 0.6228 0.6211 0.879 
(0.156) (0.129) (0.055) 
?e 0.8772 0.9226 0.967 
(0.061) (0.047) (0.029) 
?z 0.8911 0.8825 0.961 
(0.078) (0.082) (0.023) 
?a 0.0093 0.0097 0.013 
?e 0.0494 0.0308 0.009 
?z 0.0110 0.0116 0.007 
?r 0.0027 0.0027 0.003 
   
Log-likelihood 1568.07 1569.02 1678.70 
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Figure 1. Responses to IS shock: Euro area 
BANCO DE ESPAÑA      46 DOCUMENTO DE TRABAJO N.º 0805 
39
Figure 2. Responses to IS shock: United States 
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Figure 3. Habit formation and response of natural rate to IS shocks 
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Figure 4. Responses to technology shock: Euro area 
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Figure 5. Responses to technology shock: United States 
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Figure 6.  Realizations of the natural interest rate: United States 
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